Artifi cial activation of reconstructed oocytes is induced with various physical or chemical factors, which can be used in a number of activation protocols such as pre-activation, simultaneous activation and fusion and post-activation. The post-activation protocol is the most common and brings best effects in somatic cloning of farm animals.
INTRODUCTION
The procedure of somatic cloning by nuclear transfer technique involves many stages. One of the very important ones is artifi cial activation of reconstituted oocytes. Proper activation treatment beside other factors plays a key role in reprogramming of the somatic cell nucleus in cytoplasm of enucleated recipient-oocyte.
Up to now, the mechanism of reprogramming is not yet clear, but it is known that exogenous nucleus must undergo many changes leading to reactivation unblocking of previously inactivated genes, restoring it the status of totipotential nucleus, able to manage the development of the reconstructed embryo. The complete reprogramming of transferred nucleus is a necessary condition to achieving full development of the cloned embryos. At present, the use of cloning procedures does not always guarantee a normal and complete reprogramming of the nucleus (Zuccotti et al., 2000) .
In the somatic cloning procedure by transplantation of cell nuclei, the donor of exogenous cell nuclei are in vitro or in vivo mature oocytes whose development was arrested at metaphase II of meiotic division. The somatic cell nucleus is introduced into the cytoplasm of enucleated recipient-oocyte directly (micro-injection) or through an electric impulse (electrofusion). The completion and restoration of meiosis is conditional on the activation of reconstructed oocytes.
OOCYTE ACTIVATION

Sperm-induced oocyte activation
In natural conditions, the oocyte is activated by a spermatozoon during fertilization, which elevates the level of Ca 2+ ions released from intracellular deposits in the form of rapid, short and often consecutive (oscillatory) ejections. After the penetration of the spermatozoon, the likely mechanism of releasing calcium ions involves binding of the spermatozoon with a specifi c receptor on the oocyte's cell membrane, which initiates the transformation of phosphoinositol leading to elevated level of 1,4,5-inositol triphosphate (IP 3 ), which, in turn, by inducing the opening of calcium channels, releases calcium ions from intracellular deposits (Miyazaki S., 1988) . Intracellular Ca 2+ is stored in the smooth endoplasmic reticulum, from which the release of calcium ions is mediated by specialized calcium channels protected by IP 3 and ryanodine receptors, which are opened with the help of antagonists of the above receptors. Calcium release control is dependent on the presence of sulphydryl groups located in receptor complexes (Swann, 1993; Whitaker et al., 1993) .
Artifi cial induction of oocyte activation
In the cell nuclei transplantation method, oocytes must be artifi cially activated. Artifi cial activation of reconstructed oocytes can be induced with various physical or chemical agents. The most common physical agent are electric pulses Polejaeva et al., 2000; Skrzyszowska et al., 2000) . However, the most frequently used chemical factors are calcium ionophores such as ionomycin (Wells et al., 1998) or A23187 (Skrzyszowska et al., 2001) , as well as 7% ethanol (Zakhartchenko et al., 1999) or thimerosal with dithiothreitol (DTT) (Tao et al., 1999) . The full chemical activation protocol also involves incubation of oocytes in the presence of cyclin-dependent kinase inhibitors or synthesis of proteins such as 6-dimethylaminopurine (6-DMAP) (Wells et al.,1999) or cycloheximide (CH) (Skrzyszowska et al., 2001) .
Treatment of oocytes with electric pulses results in reversible appearance of pores in the oocyte's plasmatic membrane, which allow the infl ow of extracellular Ca 2+ and lead to elevated level of calcium ions in the cell (Ozil J., 1990; Collas et al., 1993) . Therefore oocyte activation with an electric pulse is conditional on the presence of Ca 2+ ions in the extracellular environment. Recent pig embryo studies have demonstrated that an electric pulse also causes a partial mobilization of intracellular deposits (De Sousa et al., 2002 ). An electric impulse as an activating factor is often used in sheep (Shnieke et al., 1997) , pigs (Onishi et al., 2000) and rabbits (Dinnyes et al., 2001) , less frequently in cattle (Kato et al., 1999) .
Another way of inducing the infl ow of Ca 2+ and activating oocytes is the use of calcium ionophores. Ionophores stimulate the increase in Ca 2+ level by mobilization of intracellular deposits. Thus, where chemical activators are used, the presence of calcium ions in the extracellular environment is not the necessary condition. A frequently used ionophore is ionomycin. Ionomycin has been successfully used in the activation ovine oocytes (Loi et al., 1998 (Loi et al., , 2002 but also in activation of bovine (Wells et al., 1999) and goats (Keefer et al., 2001) oocytes.
Ethanol, by stimulating the production of 1,4,5-inositol triphosphate (IP 3 ) also activates a certain number of oocytes, initiating rapid and intense release of Ca 2+ from intracellular deposits (Ilyin and Parker, 1992) . Ethanol as an activating agent is particularly effective with regard to ovine oocytes (Loi et al., 1998) , but less useful for activating cattle and porcine oocytes.
A less common chemical activator, used only for activation of reconstructed porcine oocytes is thimerosal in combination with dithiothreitol (DTT) (Tao et al., 1999) . It induces repeatable excitation of Ca 2+ level in cell probably as a result of oxidation of sulphydryl groups in intracellular release proteins (Machaty et al., 1997) . Thimerosal also oxidizes tubulin sulphydryl groups by partially degrading the meiotic spindle. This activity, however, can be reversed by antagonistic action of dithiothreitol as the sulphydryl reducing agent, which is capable of reconstructing the ultrastructure of the division spindle (Cheek, 1993) .
A different way of activating mammalian oocytes is through direct microinjection of Ca 2+ buffers or unbuffered Ca 2+ solutions into the oocyte's cytoplasm. Machaty et al. (1996) when applying intracellular injections of CaCl 2 in pigs, achieved parthenogenetic development of embryos to the blastocyst stage. Also the injection of specifi c sperm proteins (e.g., oscillin) results in an oscillatory ejection of Ca 2+ , leading to activation of porcine oocytes. However, the microinjection technique has not been in wide use as a method of activating reconstructed oocytes. Recently, an interesting proposition of chemical activation is injection of sperm cytosolic extract into cytoplasm of reconstructed oocytes (Choi et al., 2002) .
In the activated oocyte there occurs, both naturally and artifi cially, a reduction in the activity of the maturation or mitosis/meiosis promoting factor (MPF), leading to restoration of meiosis. This is because MPF, the complex of protein kinase p34cdc2 and B cyclin, is a regulator of the meiotic and mitotic cell cycle. MPF is additionally stabilized by the cytostatic factor (CSF). Reduced MPF and CSF activity is caused by inactivation of cyclin-dependent kinases and protein synthesis (Boglio et al., 2000) . In the somatic cloning procedure, the commonly used kinase inhibitor is 6-dimethylaminopurine (6-DMAP).
Variants of activation protocols used in the procedure of somatic cloning
Various activation protocols are used for the above factors. They concern the choice of both the activating factor and the adequate moment of its application. The moment concerns the sequence of fusion and activation as well as the interval between both procedures. In the somatic cloning procedure the following 3 activation protocols are used: pre-activation, simultaneous activation and fusion, and post-activation.
If the exogenous cell nucleus is introduced into pre-activated oocytes, followed by electric pulse-induced fusion of enucleated oocyte with the somatic cell, then we talk of pre-activation (Figure 1 ). This type of an activation protocol has been commonly used in embryo cloning in contradistinction to somatic cloning (Campbell et al., 1993) . If the introduce of nucleus into enucleated recipient-oocyte is accompanied by activation, this protocol is called simultaneously activation and fusion. In this protocol, the electric pulse used to initiate the fusion is at the same time the only agent activating the reconstructed oocyte (Figure 2 ). When the reconstructed oocytes are activated only 1-6 h after the cell nucleus was introduced into the cytoplasmic environment, then we deal with post-activation. This protocol involves a 5-min incubation of oocytes in medium supplemented with a chemical activator, and followed by several-hour incubation with a supplement of cyclin-dependent kinases 6-dimethy-laminopurine (6-DMAP) or protein synthesis cycloheximide (CH) ( Figure  3 ). The variant of post-activation proposed by Cibelli et al. (1998) and later used by other authors is now the most popular. In such conditions, MPF induces the nuclear envelope breakdown (NEBD) and premature chromosome condensation (PCC). It is assumed that NEBD and PCC are the necessary condition, because oscillations of calcium ions appear only after the nuclear envelope breakdown and premature chromosome condensation. Furthermore, lengthening the effect of cytoplasmic factors on the somatic cell nucleus enables its more complete reprogramming.
The most common protocol used in the somatic cloning of farm animals is the post-activation protocol with the use of chemical agents as an activator. 
Activation protocols used in the procedure of somatic cloning in farm animals
In cattle, this activation protocol involving the use of ionomycin/6-DMAP or cycloheximide as well as the simultaneous activation and fusion protocol brings favourable results. The procedure of simultaneous activation and fusion is a success both with chemical and physical activators. Only the activation treatment with pre-activation in somatic cloning procedure is rarely applied in contradistinction to embryo cloning ( Table 1) . Moreover, in cattle, the recloning method was applied to increase the cloning procedure effi ciency. This method consist of double of nuclear transfer (NT). The embryos obtained from reconstructed oocytes in the 1st rount of NT were used in the 2nd round of NT as donors of cell nuclei. In the 1st round of NT reconstructed oocytes were activated after nuclei transfer (post-activation) but in the 2nd round of NT, oocytes assigned for recipient cytoplasm were pre-activated before nuclear transfer of cell nuclei deriving from embryos obtained from the 1st round of NT. The transferred nucleus of somatic cell was subjected to the action of cytoplasmic agents in a longer period of the time, which probably had a positive infl uence on its normal reprogramming (Table 2) . I round of nuclear transfer-somatic cells as nuclei donors II round of nuclear transfer-embryos derived from I round of nuclear transfer as nuclei donors 2 reconstructed blastocysts derived from nuclei starved foetal fi broblast 3 6-DMAP-6-dimethyloaminopurine
In the somatic cloning of pigs, the post-activation protocol using electric pulse as an activating agent is also the most commonly used protocol. Studies have shown that the choice of adequate parameters of electric fi eld and pulse duration has a signifi cant effect on the developmental potential of embryos. Lower strength of electric fi eld and shorter duration of the pulse considerably decrease the proportion of blastocysts being obtained. An exception in the somatic cloning of pigs are the studies of Bethauser et al. (2000) , who used ionomycin as an activating agent. Although the rate of reconstructed blastocysts was low, the fi nal outcome of the experiment was impressive, because a clone of 4 animals was obtained. Instead, Polejaeva et al. (2000) was obtained 5 piglets after used recloning method. In this case, the recloning of porcine embryos was different then recloning of cattle embryos. The somatic cell nucleus in the 1st round of NT was transplanted into the cytoplasmic environment of the oocyte but in the 2nd round into the zygote. Exposure of nuclear chromatin to prolonged action of cytoplasmic factors of the oocyte, and then zygote, had a favourable effect on reprogramming the cell nuclei (Table 3) . 2 DC, 100 V/mm, 20 µs 6-DMAP, 2 mM/L 2 DC, 100 V/mm, 20 µs butryolactone, 50 µM/L 2 DC, 100 V/mm, 20 µs cycloheximide, 10 µg/ml ionomycin, 15 µM/L 6-DMAP, 2 mM/L 1 culture in BECM medium 2 culture in mWM medium 3 culture in NCSU medium 4 incubation reconstrocted oocytes with cytochalasin B 2 h after fusion and 6 h after activation 5 incubation 2 h after fusion 6 incubation 6 h after activation 7 DC-direct current pulse 8 6-DMAP-6-dimethyloaminopurine
In somatic cloning of sheep, the most common and effective activation treatment is the simultaneous activation and fusion protocol. The electric pulse used to initiate electrofusion acts also as an activating factor. This type of activation protocol has led to the production of sheep clones (Table 4) .
As regards the somatic cloning of goats, both the simultaneous activation and fusion and the post-activation protocols were applied. Using the protocol of simultaneously activation and fusion with electric pulse, Baguisi et al. (1999) obtained a clone of 3 animals. Studies of Keefer et al. (2001) and Reggio et al. (2001) show that the post-activation protocol using ionomycin/6-DMAP is also effective (Table 5) . In the somatic cloning of rabbits, just as in other species, the highest rate of blastocyst-stage embryos was noted after using the post-activation protocol and the protocol of simultaneous activation and fusion. The most numerous (4 animals) and the only somatic clone of rabbit produced so far was obtained by Chesne et al. (2002) who used post-activation with multiple electric pulse and incubation of the reconstructed oocytes in culture medium supplemented with cycloheximide or 6-DMAP culture medium (Table 6 ). 
CONCLUSIONS
The model of artifi cial activation of reconstructed oocytes is still different from the natural model of activating the oocyte with a penetrating spermatozoon during fertilization. For this reason, artifi cial activation protocols continue to be modifi ed. The present studies, aimed to improve the artifi cial activation methods, centre mainly around optimizing the parameters of electric fi eld and combining activating agents with blockers of cyclin-dependent kinase or protein synthesis activity. The optimum activation procedure will create conditions for complete reprogramming of exogenous cell nuclei, and thus may help to improve the ultimate efficiency of somatic cloning in farm animals.
STRESZCZENIE
Czynniki indukujące aktywację rekonstruowanych oocytów zwierząt gospodarskich w klonowaniu somatycznym Sztuczna aktywacja rekonstruowanych oocytów indukowana jest dzięki wykorzystaniu różnorodnych czynników natury fi zycznej lub chemicznej. Czynniki te mogą być wykorzystywane w różnych protokołach aktywacyjnych, takich jak: pre-aktywacja, aktywacja równoczesna z fuzją i post-aktywacja. Protokół post-aktywacji jest najczęściej stosowany i przynosi najlepsze wyniki w klonowaniu somatycznym zwierząt gospodarskich.
Model sztucznej aktywacji rekonstruowanych oocytów wciąż odbiega od naturalnego modelu aktywowania penetrującym plemnikiem podczas zapłodnienia. W związku z tym protokoły sztucznej aktywacji rekonstruowanych oocytów są wciąż modyfi kowane. Obecnie prowadzone badania nad udoskonalaniem metod sztucznej aktywacji skupiają się głównie na optymalizacji parametrów pola elektrycznego oraz łączeniu czynników aktywujących ze związkami blokującymi aktywność cyklino-zależnych kinaz lub syntezy białek. Optymalna metoda aktywacji stwarza warunki do pełnego przeprogramowania egzogennych jąder komórkowych, co może się przyczynić do poprawy końcowej efektywności klonowania somatycznego zwierząt gospodarskich.
